BURNER FOR SYNTHESIS GAS 



Cross-Reference to Related Applications 

This application is a continuation of the U.S. National Stage designation of 
co-pending International Patent Application PCT/IB02/04061 filed October 2, 2002, the 
entire content of which is expressly incorporated herein by reference thereto. 

Field of the Invention 

The present invention relates to a burner, for operation in a combustion 
chamber, preferably in combustion chambers of gas turbines, which substantially 
comprises a swirl generator for a combustion air stream and means for introducing fuel 
into the combustion air stream, the swirl generator having combustion-air inlet openings 
for the combustion air stream which enters the burner, and the means for introducing fuel 
into the combustion air stream comprising one or more first fiiel feeds having a group of 
first fiiel outlet openings, arranged distributed around the bumer axis at a combustion 
chamber-side end of the bumer. A preferred application area for a bumer of this type is 
in gas and steam turbine engineering. 

Background of the Invention 

EP 0 321 809 Bl has disclosed a conical bumer comprising a plurality of 
shells, known as a double-cone burner. The conical swirl generator, which is composed 
of a plurality of shells, generates a continuous swirling flow in a swirl space, which on 
account of the swirl increasing in the direction of the combustion chamber becomes 
imstable and changes into an annular swirling flow with backflow in the core. The shells 
of the swirl generator are assembled in such a manner that tangential air inlet slots for 
combustion air are formed along the bumer axis. Feeds for the premix gas, i.e. the 
gaseous fiiel, which have outlet openings for the premix gas distributed along the 
direction of the bumer axis, are provided at these air inlet slots at the leading edge of the 
cone shells. The gas is injected through the outlet openings or bores transversely with 
respect to the air inlet gap. This injection, in conjunction with the swirl of the combustion 
air/fiiel gas flow generated in the swirl space, leads to thorough mixing of the combustion 
or premix gas with the combustion air. Thorough mixing is a precondition in these 
premix bumers for lower NOx emissions during combustion. 



To further improve a burner of this type, EP 0 780 629 A2 has disclosed a 
burner for a heat generator which, following the swirl generator, has an additional mixing 
section for further mixing of fiiel and combustion air. This mixing section may, for 
example, be designed as a section of tube which is connected downstream and into which 
5 the flow emerging from the swirl generator is transferred without significant flow losses. 
The additional mixing section makes it possible to further increase the degree of mixing 
and therefore to further lower the pollutant emissions. 

WO 93/17279 has described a further known premix bumer, in which a 
cylindrical swirl generator with a conical inner body is used. In the case of this bumer, 

10 the premix gas is likewise injected into the swirl space via feeds with corresponding 

outlet openings which are arranged along the axially running air inlet slots. In the conical 
inner body, the bumer additionally has a central feed for fuel gas, which can be injected 
into the swirl space close to the bumer outlet for pilot control. The additional pilot stage 
is used to start up the bumer and to widen the operating range. 

15 EP 1 070 915 Al has disclosed a premix bumer in which the fuel gas 

supply is mechanically decoupled from the swirl generator. As a result, when fiiel gases 
that have not been preheated or have been only slightly preheated are used, stresses 
caused by thermal expansions are avoided. In this case, the swirl generator is provided 
with a row of openings, through which fuel lines for gas premix operation, which are 

20 mechanically decoupled from the swirl generator, project into the interior of the swirl 
generator, where they supply gaseous fuel to the swirled-up flow of combustion air. 

These known premix burners of the prior art are what are known as swirl- 
stabilized premix burners, in which a fuel mass flow, prior to combustion, is distributed 
as homogeneously as possible in a combustion air mass flow. In these types of bumers, 

25 the combustion air flows in via tangential air inlet slots in the swirl generators. The fuel, 
in particular natural gas, is typically injected along the air inlet slots. 

In gas turbines, in addition to natural gas and liquid fiiel, generally diesel 
oil or Oil#2, in recent times synthetically produced gases, known as Mbtu and Lbtu gases, 
also have been used for combustion. These synthesis gases are produced by the 

30 gasification of coal or oil residues. They are characterized by mostly comprising Hi and 
CO. In addition, there is a smaller proportion of inert constituents, such as N2 or CO2. 
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In the case of the combustion of synthesis gas, the injection which has 
proven successful for natural gas in burners of the prior art cannot be retained, on account 
of a high risk of flashback. 

This results in the following peculiarities and requirements in a burner that 
5 is to be operated with synthesis gas as distinct from a burner using natural gas. 

Depending on the dilution of the synthesis gas, which is known per se from the prior art, 
synthesis gas requires a fuel volumetric flow which is arovmd four times - and in the case 
of xmdiluted synthesis gas up to seven times or even more - higher than comparable 
natural gas bumers, so that with the same gas holes in the burner, significantly different 

10 pulse ratios result. On accoimt of the high hydrogen content in the synthesis gas, and the 
associated low ignition temperature and high flame velocity of the hydrogen, the fiiel is 
highly reactive, so that in particular the flashback characteristics and the residence time of 
ignitable fuel-air mix in the vicinity of the bumer need to be investigated. Fxirthermore, 
stable and safe combustion of synthesis gases for a sufficiently wide range of calorific 

15 values has to be ensured, despite the synthesis gas having different compositions 

depending on the process quality of the gasification and starting product, for example oil 
residues. In order, under these conditions, nevertheless to achieve premixing and 
therefore the typical lower emissions during combustion, these synthesis gases are 
generally diluted with the inert constituents N2 or steam prior to combustion. Moreover, 

20 this improves the stability of combustion and in particular reduces the risk of flashback 
which is inherent to the high H2 content. Therefore, the bumer has to be able to safely 
and stably bum synthesis gases of different compositions, in particular of different 
dilutions. 

Furthermore, it is advantageous if, in addition to the synthesis gas, the 
25 bumer c£m also safely bum a reserve fuel, known as a back-up fuel. In the case of the 
highly complex integrated gasification combined cycle (IGCC) installation, this 
requirement results from the demand for high availability. In such a situation, the bumer 
should function safely and reliably even in mixed operation using synthesis gas and back- 
up fuel, for example diesel oil, while maximizing the fuel mix spectrum that can be used 
30 for bumer operation in mixed operation of an individual bumer. Of course, low levels of 
emissions (NOx ^ 25 vppm, CO < 5 vppm) should be ensured for the fuels which are 
specified and used. 
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EP 0 610 722 Al has disclosed a double-cone burner, in which a group of 
fuel outlet openings for a synthesis gas are arranged at the swirl generator, distributed 
around the burner axis, at a combustion chamber-side end of the burner. These outlet 
openings are supplied via a separate fuel line and allow the burner to operate with 
5 undiluted synthesis gas. 

Working on the basis of this prior art, the present invention relates to a 
burner which ensures safe and stable combustion both for undiluted synthesis gas and for 
dilute synthesis gas and moreover has a long service life. The bumer should in particular 
satisfy the requirements listed above and, in preferred refinements, should allow 
10 operation with a plurality of types of fiiel, including in mixed operation. 

Summary of the Invention 

The present bumer comprises, in a known way, a swirl generator for a 
combustion air stream and means for introducing fuel into the combustion air stream. 

15 The swirl generator has combustion-air inlet openings for the combustion air stream, 

which preferably enters the bumer tangentially. The means for introducing fuel into the 
combustion air stream comprise one or more first fuel feeds having a group of first fuel 
outlet openings, arranged distributed around the bumer axis at a combustion chamber-side 
end of the bumer, i.e. at the bumer outlet. The present bumer is distinguished by the fact 

20 that the one or more first fuel feeds having the group of first fuel outlet openings are 
mechanically decoupled from the swirl generator. 

The geometry of the swirl generator, and also of an optional swirl space, 
can be selected in various ways in the present bumer, and in particular may have the 
geometries which are known from the prior art. The fact that the first fuel outlet openings 

25 are distributed exclusively at the combustion chamber-side end of the bumer or swirl 
space, around the burner axis, reliably prevents flashback of the synthesis gas. Mixing 
with the combustion air emerging from the burner is nevertheless ensured. Synthesis gas 
with a high hydrogen content (45% by volume) can be burnt in undiluted form 
(LHV = 14,000 kJ/kg). The burner therefore allows safe and stable combustion both of 

30 undiluted synthesis gas and of dilute synthesis gas. This ensures a high degree of 

flexibility when using a gas turbine equipped with burners according to the invention in 
an IGCC process. By using a configuration of the first fuel feed with a correspondingly 
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adapted cross-section, it is possible to safely pass high volumetric flows, up to a factor of 
7 compared to the supply of natural gas in known bumers from the prior art, to the 
location of injection at the bumer outlet. 

In the case of the present bumer, the one or more first fiiel feeds with the 
5 associated first fiiel outlet openings are mechanically and thermally decoupled from the 
swirl generator or the burner shells which form the swirl generator and are significantly 
warmer in operation. As a result, the thermal stresses between the relatively cold first 
fiiel feeds, also referred to below as gas passages, and the warmer bumer shells are 
avoided or at least greatly reduced. For example, in one embodiment of the present 

10 invention, as is explained in more detail in the exemplary embodiments, the injection area 
for the synthesis gas in the bximer shells is completely cut out. The first gas passage is 
directly anchored in this cutout of the bumer shells. As a result, gas passage and bumer 
shells are thermally and mechanically decoupled from one another, and the design 
problem at the connecting locations between cold gas passage and warm bumer shell is 

15 resolved. Earlier designs, such as those shown in EP 0 610 722 Al, had problems 
particularly with regard to the connection of relatively cold gas passage to hot bumer 
shell, for example had cracked resulting from the high concentration of stresses at these 
connecting locations. The required service life of the bumer is achieved by the decoupled 
solution and the proposed design. 

20 The decoupling of individual fiiel lances from the burner shells is already 

known from EP 1 070 915. In the present bumer, however, this mechanical decoupling is 
for the first time realized using integral gas passages with circumferentially homogeneous 
introduction of gas. Compared to the injection of gas which is known from EP 1 070 950, 
the circumferentially homogeneous injection of gas in accordance with the invention has 

25 benefits in terms of achieving a significantly more uniform distribution of the fiiel in the 
combustion air, and therefore, in particular when using Lbtu and Mbtu fiaels, improved 
emission levels combined, at the same time, with a good flame stability. There is no need 
for complex specific heat insulation for the gas passage with respect to the hot burner 
shell, for example by means of the known gas p2issage inserts. 

30 It is preferable for the bumer, in addition to the first fiiel feed(s), also to 

have one or more second fiiel feeds having a group of second fiiel outlet openings at the 
swirl body, arranged substantially along the direction of the burner axis. As an alternative 
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or in combination with this measure, it is also possible to provide a fuel lance, arranged 
on the burner axis, for the injection of liquid fuel, this fuel lance projecting into the swirl 
space in the axial direction. The arrangement and configuration of these additional fuel 
feeds may, for example, be based on known premix burner technology as described in 
5 EP 321 809 or on other designs, for example as disclosed by EP 780 629 or 

WO 93/17279. Burner geometries of this type can be designed with the features 
according to the invention for the combustion of synthesis gases, in particular for the 
combustion of Mbtu and Lbtu fuels. 

The preferred design of the present bumer with one or more further fuel 

10 feeds results in a multifunctional bumer which safely and stably bums a very wide range 
of fuels. The bumer in particular ensures the stable and safe combustion of Mbtu 
synthesis g2ises with calorific values (net calorific value NCV or lower heating value 
LHV) of 3500 - 18,000 kJ/kg, in particular 6000 to 15,000 kJ/kg, preferably of 6500 to 
14,500 kJ/kg or from 7000 to 14,000 kg/kJ. In addition to the safe and stable combustion 

15 of undiluted and dilute synthesis gas, it is also possible to use liquid fuel, for example 
diesel oil, as back-up fuel. In this case, the calorific value of the fuels used may differ 
significantly, for example in the case of diesel oil a calorific value LHV = 42,000 kJ/kg, 
and in the case of synthesis gas a calorific value of 3500 - 18,000 kJ/kg, in particular 
6000 to 15,000 kJ/kg, preferably from 6500 to 14,500 kJ/kg or from 7000 to 

20 14,000 kg/kJ. 

It is also possible for the additional fuel used to be natural gas. In this 
case, the injection of natural gas may take place either in the bumer head through the 
bumer lance and/or via the second fuel feeds, which are usually formed by the gas 
passages arranged along the air inlet slots at the swirl generator or swirl body, with which 

25 the person skilled in the art will be familiar, for example from EP 321 809. In this way, 
the bumer can be operated with three different fuels. 

The injection of the synthesis gas, i.e. of the Lbtu/Mbtu fuel, takes place 
via the first outlet openings, radially at the bumer outlet. These outlet openings are small 
outlet passages, the passage axis of which defines the eixial injection angle a. Diameter D 

30 and injection angle a of these outlet openings or passages are specific parameters which 
can be selected appropriately by the person skilled in the art depending on the boundary 
conditions, for example the specific gas composition, the emissions, etc. The injection 
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angle may in this case be selected in such a way that the passage axes of all the outlet 
openings intersect at one point on the burner axis, downstream of the bumer or swirl 
space. To achieve optimum matching of the synthesis gas used to the desired emission 
levels, it is also possible for the injection angles to be selected in such a way that the 
5 passage axes of subgroups of the outlet openings intersect at different points. In this way, 
it is possible to achieve any desired distribution of the injected fuel at the bumer outlet. It 
is also possible to vary an injection angle with respect to the bumer radius. 

The fuel feeds for combustion of the synthesis gas are designed for a 
volumetric flow of fuel which is up to 7 times greater, and in particular provide the 

10 required cross-sections of flow. In this case, the cross-section is larger by a multiple than 
that of the feeds for natural gas. 

In the case of oil being used as fuel, the design which is known from the 
prior art, with the oil or oil-water emulsion being injected via the bumer lance, is retained. 
GsiS turbines which bum synthesis gas have to ensure mixed operation of ignition fuel and 

15 synthesis gas by using different boundary conditions, such as incorporation of the gas 

turbine in the IGCC process or fixed bumer groupings that are to be retained. The bvimer 
described here functions stably and safely even in mixed operation using diesel oil and 
synthesis gas in various mixing ratios. It can be safely operated in mixed operation for 
prolonged periods of time. Therefore, the gas turbine achieves further flexibility and in 

20 operation can change from one fuel to the other. The possibility of mixed operation 
represents a significant operating advantage. 



Brief Description of the Drawings 

The present invention is explained briefly below, without restricting the 
25 general concept of the invention, with reference to exemplary embodiments in 
conjvmction with the figures, in which: 

FIG. 1 shows a highly diagrammatic illustration of a premix bumer as is 
known from the prior art; 

FIG. 2 shows a sectional view of the combustion chamber-side region of a 
30 bumer in accordance with an exemplary embodiment of the present invention; 

FIG. 3 shows a three-dimensional sectional view of a bumer designed in 
accordance with the exemplary embodiment shown in FIG. 2; 
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5 




conical inner body; and 

FIG, 7 shows an example of a further possible configuration of the burner. 

Detailed Description of the Preferred Embodiments 



known, for example, from EP 321 809 Al . The burner is composed of a burner head 10 
and an adjoining swirl generator 1 , which forms a swirl space 11. In a bximer of this type, 
the conical swirl generator 1 comprises a plurality of burner shells, between which 
tangential inlet slots for combustion air 9 are formed. In the figure, the combustion air 9 

15 which enters is indicated by the long arrows. Furthermore, gas feeds 24 for the supply of 
a fuel, in particular natural gas 26, via the tangential air inlet slots leading into the swirl 
space 1 1 can be provided along the tangential inlet slots. This is indicated by the short 
arrows in the figure. A burner lance 14 extends fi-om the bumer head 10 into the swirl 
space 11; a nozzle 16 for the injection of liquid fuel 13, e.g. oil and/or water 12, is 

20 provided at the end of this bumer lance 14. The bumer lance 14 is used in particular for 
ignition of the bumer. The combustion air 9 which enters via the tangential air inlet slots 
at the swdrl generator 1 is mixed with the injected fuel in the swirl space 1 1 . The 
continuous swirling flow which is generated in the process becomes unstable on account 
of the increasing swirl at the end of the swirl space 1 1 on account of the sudden widening 

25 in cross section at the transition to the combustion chamber, and is converted into an 

annular swirling flow with back flow in the core. This area forms the start of the reaction 
zone 17 in the combustion chamber. 



the combustion chamber-side region of a burner according to the invention for operation 
with synthesis gas. The Lbtu/Mbtu fuel is injected through gas holes 18, which are to be 



10 



FIG. 1 shows a highly diagrammatic illustration of a premix bumer as is 



30 



A bumer of this type caimot be operated with synthesis gas, however, on 
account of the high risk of flashback with this fiieL 

In a first exemplary embodiment, FIG. 2 shows a sectional view through 
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selected appropriately in terms of diameter D and injection angle a, in the radial direction 
at the bvimer outlet, i.e. at the end of the swirl space 1 1 . This radial injection at the burner 
outlet also makes combustion of the hydrogen-rich synthesis gas in imdiluted form 
possible. Diameter D and injection angle a of the radial gas injection are specific 
5 parameters which are selected appropriately by the person skilled in the art depending on 
boundary conditions (specific gas composition, emissions, etc.). 

In this context, the figure shows the burner shells of the swirl body 1 
which surround the swirl space 1 1 . Outside this swirl body there is arranged a gas feed 
element 2 which radially surrounds the swirl body 1 and forms the first fuel feed 

10 passage(s) 19 for the supply of the synthesis gas. First outlet openings 18 for the 

synthesis gas are formed at the combustion chamber-side end of this gas feed element 2. 
These outlet openings 18 form outlet passages which predetermine the direction of 
injection of the synthesis gas. The injection angle a and the diameter D of these passages 
or openings 1 8 are selected appropriately by the person skilled in the art depending on the 

15 particular requirements. In the present example, the outlet openings 1 8 are arranged in a 
row around the burner axis 25, so that circumferentially homogeneous injection of the 
synthesis gas is achieved. 

The relatively cold fuel feed passages 19 for injection of the synthesis gas, 
and the in theory significantly warmer burner shells of the svsdrl generator 1 are thermally 

20 and mechanically decoupled from one another. As a result, the thermal stresses are 
significantly reduced. The connection between the gas feed element 2 and the swirl 
generator 1 is in this example effected by means of lugs 3 and 4 which are provided on 
both components and are connected to one another. This minimizes thermal stresses. An 
air flow 8 which is also illustrated in the figure tends to stabilize the flame and generates 

25 a swirl cooling effect at the bumer front upstream of the outlet. The figure also shows the 
opening or circumferential gap 7 of the swirl generator 1 , which is required in order to 
allow a connection between the outlet openings 1 8 of the gas feed element 2 and the swirl 
space 1 1 . 

FIG. 3 once again shows a bumer designed in accordance with FIG. 2, in a 
30 three-dimensional sectional view. In this illustration too, the swirl generator 1 formed 
from a plurality of bumer shells, and the gas feed element 2 surrounding it, can be seen. 
This gas feed element 2 may form an annular feed slot as fuel feed passage 19 or may 
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also be divided into separate fuel feed passages 19. Of course, it is also possible for 
individual pipelines to be routed to the outlet openings 18 as fuel feed passages 19. 

The design of the fuel feed passages 19 for the synthesis gas is adapted for 
a volumetric flow of fuel which is up to 7 times greater for the combustion of synthesis 
5 gas, and in particular provide the required large cross sections of flow, as can be seen 
from FIG. 3. 

In the present example, the injection region for the fuel, i.e. the synthesis 
gas, is completely cut out in the burner shells. In this case, the gas feed element 2 is 
anchored directly in this cutout of the bumer shells of the swirl generator 1 . In this way, 

10 the problem of stresses at the connecting locations between cold gas feed element 2 and 
warm bumer shell is solved. The decoupled solution illustrated in this example results in 
the required service life of the bumer. 

The injection of the synthesis gas is indicated by reference numeral 20 in 
the figure. Of course, with a bumer of this type, it is also possible for additional gas 

15 injection passages 24 to be provided along the swirl generator 1, in a similar way as can 
be seen, for example, from FIG. 1, by means of which passages, by way of example, 
natural gas 26 can be introduced into the swirl space 1 1 upstream of the location where 
the synthesis gas is injected. The injection of oil or an oil- water emulsion is 
diagrammatically indicated at the combustion head-side end of the swirl space 1 1, as is 

20 the incoming flow of combustion air 9 via the tangential inlet slots. 

FIG. 4 shows, by way of example, the assembly of a bumer as shown in 
FIGS. 2 and 3 from the two components, ngimely the gas feed element 2 and the swirl 
generator 1 . 

The gas feed element 2 with the integrated one or more fuel feed passages 
25 19 for synthesis gas and the outlet openings 1 8 arranged distributed arovmd the bumer 

eixis 25 on the combustion chamber side is preferably produced as a casting together with 
the swirl generator 1 , and the two components are then separated. Assembly is carried 
out by the swirl generator 1 being introduced axially into the gas feed element 2, so that 
the outlet openings 18 of the gas feed element 2 come to lie in corresponding openings 7 
30 in the swirl generator 1 . In the bumer head region, an element 6 of the swirl generator 1 
is held in a sliding fit in a mating piece 5 of the gas feed element 2, so that differential 
thermal expansions between swirl generator 1 and gas feed element 2 in the region of the 
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burner head can be freely compensated for. In the region of the burner front, the 
connecting lugs 3 of the gas feed element 2 and the connecting lugs 4 of the swirl 
generator 1 are joined to one another in a suitable way, for example by welding, and form 
the only fixed bearing of the swirl generator 1 in the gas feed element 2. The outlet 
5 opening region of the gas feed element 2 can move freely in the openings 7 in the swirl 
generator 1 . Producing the two elements from a casting allows minor manufacturing 
tolerances, so that it is possible to minimize an encircling gap dimension s, illustrated in 
FIG. 2, between swirl generator 1 and gas feed element 2. A correspondingly high 
mating accuracy with a small gap dimension s in the region of the gas outlet openings 18 
10 and/or the openings 7 in the swirl generator 1 minimizes any imswirled combustion air 

emerging through this gap, which could potentially have adverse effects on the stability of 
combustion. 

FIG. 5 shows various examples for differently selected injection directions 
of the first outlet openings 1 8 at the end of the swirl space 1 1 for the synthesis gas. In 

15 this context, FIG. 5 a shows a greatly simplified illustration of a plan view of the burner 
outlet and the injection axes of the synthesis gas injection 20 from the individual outlet 
openings 18, which intersect one another at an intersection point 21 on the bumer axis. 

FIG. 5b shows a fiirther exemplary embodiment, in the same view, in 
which the outlet axes of the synthesis gas injection 20 of different groups of outlet 

20 openings 18 intersect at different intersection points 21 which are distributed over the 
outlet cross section of the bumer. It will be readily understood that the distribution of 
these intersection points 21 can be selected as desired in order to adapt the injection to the 
prevailing conditions. This is true firstly of the position of the intersection points 21 and 
secondly, of course, of the number of such points. 

25 In the same way, it is possible for the intersection points 21 to be selected 

to lie at different distances from the outlet plane of the bumer, or at the same distance 
from this plane, as is diagrammatically illustrated in FIGS. 5c and 5d. 

FIG. 6 shows an example of a swirl generator 1 with a purely cylindrical 
swirl body 23, into which a conical inner body 22 is inserted. In this case, the pilot fiiel 

30 can be supplied directly to the tip of the conical inner body 22. In this case too, the outlet 
openings 1 8 for the synthesis gas are arranged distributed aroimd the bumer axis 25 at the 
combustion chamber-side end of the swirl space 11. The fuel feed passages 19 are not 
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shown in this illustration. In this case too, it is additionally possible for further gas outlet 
openings for natural gas, including the feed lines 24 required for this purpose, to be 
provided at the tangential air inlet slots (not shown). Furthermore, in this exemplary 
embodiment, as in the exemplary embodiments described above, a mixer tube for 
5 generating an additional mixing section may follow the swirl generator 1, as is known 
from the prior art. 

Finally, FIG. 7 also shows an example of a burner in which the swirl 
generator 1 is designed as a swirl grating, by means of which incoming combustion air 9 
is swirled up. An additional fuel for premix loading can be introduced into the 

1 0 combustion air 9 via the feed lines 24 leading to outlet openings in the region of the swirl 
generator 1 . The pilot fuel 15 is supplied via a nozzle 16 which projects centrally into the 
internal volume 11. In this burner too, the outlet openings 18 for the synthesis gas are 
arranged distributed around the bumer axis 25 at the combustion chamber-side end of the 
inner volimie 1 1 and £ire supplied with synthesis gas via the fuel feed passages 19. 

15 Although the invention has been presented primarily on the basis of a 

double-cone bumer of the type which is known from EP 321 809, the person skilled in the 
art will readily recognize that the invention can also be applied to other types of bumer 
and swirl generator geometries, as known, for example, from EP 780 629 or 
WO 93/17279. Of course, modifications to these bumer geometries are also possible, 

20 provided that the purpose of the swirl generator, i.e. that of generating a swirling 
combustion air flow, is still ensured. 
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